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Japanese patent application no. 11-186638, filed June 30, 1999, is hereby 
incorporated by reference in its entirety. Japanese patent application no. 2000-162322, filed 
May 31, 2000, is hereby incorporated by reference in its entirety. 

1 0 Field of the Invention 

The present invention relates to a pad structure of a semiconductor device, 
particularly to semiconductor devices having a pad on which a connection is formed, and 
f s methods of fabricating the same. 

? Fi 

□ 15 Background 

f ? t In spite of improvement of high integration of semiconductor integrated circuits 

H and miniaturization of semiconductor chips, it has been difficult to reduce the size of a pad 

having a region electrically connected with the external components to a satisfactory level. 
_^ This is because a pad has to be provided with a certain dimension to ensure stable electric 

Id 20 connection with bonding wires, bumps, and the like, and to avoid a high resistance in the 
lj connecting point. 

-- s In addition, for a pad on which a bump is formed, it should be considered to keep 

adequate coverage for an aperture in a protective insulating layer. If there is a large and 
steep step around an aperture in a protective insulating layer, a barrier layer may not exhibit 
25 adequate coverage, resulting in breakage of the barrier layer. 

For example, Japanese Patent Application Laid-open No. 10-189606 discloses a 
technique to attempt to overcome such a problem. In the technique of this patent 
application, a protective insulating layer formed on a metal pad of a semiconductor substrate 
has a connection aperture having steps for a bump of a semiconductor device. In forming 
30 such a protective insulating layer, an insulating layer on a metal pad is subjected to photo 
etching several times using a plurality of masks with different diameters to form an aperture 
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having steps. Since this method requires a number of photolithography steps, a plurality of 
photo-masks are necessary for the photolithographic operation. As a result, although the 
coverage of the barrier layer is improved by this method, a cleaning step or the like is 
required during and prior to each photolithographic operation. This results in an undesirable 
5 increase in the number of fabrication steps and production costs. 



£3 



Summary 

One embodiment relates to a semiconductor device including a pad which is 
formed on an insulating layer. The pad includes an electric connection region to connect 
10 with external components. The device includes a protective insulating layer which is 
formed on the insulating layer and the pad and has an aperture for exposing the electric 
connection region. At least part of a side surface of the protective insulating layer 
surrounding the electric connection region is a tapered surface with an acute angle to a top 

J surface of the pad. The protective insulating layer includes at least first and second 

FiJ 

H 15 insulating layers, each of which has a side surface exposed to the aperture. 

W Another embodiment relates to a semiconductor device including a pad which is 

E 

C3 formed on an insulating layer and includes an electric connection region to connect with 

Yl external components. The device includes a protective insulating layer which is formed on 

C3 . the insulating layer and the pad and includes an aperture over at least part of the electric 
□ 20 connection region. A side surface of the protective insulating layer surrounding the electric 
connection region is a tapered surface with an acute angle to a top surface of the pad. 

Another embodiment relates to a method of fabricating a semiconductor device 
including: forming a pad with a predetermined pattern on an insulating layer; forming a 
protective insulating layer on the insulating layer and over the pad by sequentially forming 
25 at least first and second insulating layers; forming a mask layer on the protective insulating 
layer, the mask layer having an aperture in a region corresponding to an electric connection 
region of the pad; and selectively etching the first and second insulating layers by using the 
mask layer as a mask to expose the electric connection region. 

Still another embodiment relates to a method of fabricating a semiconductor device 
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comprising: forming a pad with a predetermined pattern on an insulating layer; forming a 
protective insulating layer on the insulating layer over the pad; forming a mask layer on the 
protective insulating layer, the mask layer having an aperture in a region corresponding to an 
electric connection region of the pad; and patterning the protective insulating layer by 
5 isotropic etching with the mask layer as a mask to expose the electric connection region. 

Another embodiment relates to a bonding pad structure including a bonding pad 
formed over a portion of a substrate and an insulating region formed over a portion of the 
bonding pad, wherein the bonding pad includes an area surrounded by and uncovered by the 
insulating region. The insulating region includes a side surface surrounding the uncovered 
10 area of the bonding pad, wherein at least part of the side surface is tapered and has an acute 
angle to a top surface of the bonding pad. 



Brief Description of the Drawings 

Certain embodiments of the invention are described with reference to the 
15 accompanying drawings which, for illustrative purposes, are schematic and not necessarily 
drawn to scale. 

Fig. 1 is a cross-sectional view showing a passivation structure of the pad in a 
semiconductor device according to a first embodiment of the present invention. 

Fig. 2 is a plan view showing an arrangement of the pad in a semiconductor device 
20 according to a first embodiment of the present invention. 

Fig. 3 is a plan view showing an arrangement of the pad in a comparative 
semiconductor device. 

Fig. 4 is a cross-sectional view showing a method of fabricating a pad in a 
semiconductor device according to an embodiment of the present invention. 
25 Fig. 5 is another cross-sectional view showing a method of fabricating a pad in a 

semiconductor device according to an embodiment of the present invention. 

Fig. 6 is still another cross-sectional view showing a method of fabricating a pad in 
a semiconductor device according to an embodiment of the present invention. 

Fig. 7 is a cross-sectional view showing a passivation structure of a pad in a 
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semiconductor device according to another embodiment of the present invention. 

Detailed Description of Preferred Embodiments 

Certain embodiments provide semiconductor devices which can be fabricated in a 
5 reduced number of steps by using only one mask for forming a pad that has a reliable 

passivation structure with a sufficient thickness and stress relaxation characteristics, as well 
as methods of fabricating such semiconductor devices. 

According to a first embodiment of the present invention, there is provided a 
semiconductor device comprising a pad which is formed on an insulating layer and has an 
10 electric connection region with external components, and a protective insulating layer which 
is formed on the insulating layer and the pad and has an aperture for exposing the electric 
connection region, wherein at least part of a side surface of the protective insulating layer 
surrounding the electric connection region is a tapered surface with an acute angle to a top 
surface of the pad, and wherein the protective insulating layer has first and second insulating 
15 layers each of which has a side surface exposed to the aperture. 

According to this embodiment of a semiconductor device, the protective insulating 
layer includes at least two insulating layers to inhibit formation of cracks and to relax stress 
in the protective insulating layer. In addition, since at least part of the side surface of the 
protective insulating layer surrounding the electric connection region is a tapered surface 
20 with an acute angle to the top surface of the pad, a barrier layer or the like can be provided 
with excellent coverage. 

Various embodiments may include one or more of the following features. 

(A) An etching rate of a material forming the first insulating layer may be different 
from an etching rate of a material forming the second insulating layer. As a result, the 

25 configuration of the side surfaces of the first and second insulating layers can be controlled 
by selecting etching conditions. 

(B) The first insulating layer may be formed on the insulating layer, and the second 
insulating layer may be formed on the first insulating layer. The second insulating layer may 
be larger than the first insulating layer in thickness. For instance, the first insulating layer 
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may have a thickness of 400 nm to 600 nm; and the second insulating layer may have a 
thickness of 600 nm to 1400 nm. The thickness of the first insulating layer depends on the 
coverage for the protective insulating layer, and the thickness of the second insulating layer 
depends on the strength of the protective insulating layer. 
5 (C) At least a side surface of the second insulating layer surrounding the electric 

connection region may be a tapered surface with an acute angle to the top surface of the pad. 
A tapered angle between the side surface of the second insulating layer surrounding the 
electric connection region and the top surface of the pad may be smaller than a tapered angle 
of the first insulating layer. Coverage for the barrier layer can be improved by forming the 

10 tapered angle in this manner. 

Specifically, a tapered angle between the side surface of a portion of the second 
insulating layer surrounding the electric connection region and the top surface of the pad 
may be in the range of 30° to 60°, and an angle between the side surface of a portion of the 
first insulating layer surrounding the electric connection region and the top surface of the 

1 5 pad may be in the range of 60° to 90°. 

(D) The distance between an upper end of the side surface of the first insulating 
layer surrounding the electric connection region and a lower end of the side surface of the 
second insulating layer surrounding the electric connection region is preferably in the range 
of 0 jam to 3 jam, and more preferably 0 jxm to 1 \im. The size of the pad can be decreased 

20 by setting the above distance to this range, which contributes to miniaturization of 

semiconductor devices. The above distance maybe larger than zero, that is, the aperture in 
the second insulating layer may be larger than the aperture in the first insulating layer. This 
configuration reduces the height of steps in the aperture, which results in better coverage for 
the barrier layer, for example. 

25 (E) Furthermore, a bump electrode may be formed on the electric connection region 

in the pad through a barrier layer. Since the protective insulating layer of the present 
invention can improve the coverage for the aperture when forming a thin layer such as the 
barrier layer, the protective insulating layer is particularly suitable for use in semiconductor 
devices having a bump electrode. 
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According to another embodiment of the present invention, there is provided a 
semiconductor device comprising a pad which is formed on an insulating layer and has an 
electric connection region with external components, and a protective insulating layer which 
is formed on the insulating layer and the pad and has an aperture for exposing the electric 
5 connection region, wherein a side surface of the protective insulating layer surrounding the 
electric connection region is a tapered surface with an acute angle to a top surface of the 
pad, and is exposed to the aperture. 

This embodiment differs from the above in that the protective insulating layer has a 
single insulating layer with a tapered configuration. Embodiments of this semiconductor 
10 device may have one or more of following features. 

(A) The protective insulating layer may have a thickness of 1000 nm to 2000 nm. 

(B) A tapered angle between the side surface of the second insulating layer 

n surrounding the electric connection region and the top surface of the pad may be in the range 

^ of 10° to 80°. 

ru 

U 15 (C) Furthermore, a bump electrode may be provided on the electric connection 

l~ region of the pad through a barrier layer. 

E3 According to a another embodiment of the present invention, there is provided a 

Lti method of fabricating a semiconductor device comprising the steps of: 

(a) forming a pad with a predetermined pattern on an insulating layer; 
C3 20 (b) forming a protective insulating layer on the insulating layer over the pad by 

sequentially forming at least a first and second insulating layers; 

(c) forming a mask layer on the protective insulating layer, the mask layer having 
an aperture in a region corresponding to an electric connection region of the pad; and 

(d) selectively etching the first and second insulating layers by using the mask layer 
25 as a mask to expose the electric connection region. 

According to this method, the number of steps as well as production costs can be 
reduced by etching the first and second insulating layers using a single mask. The use of a 
single mask does not require any alignment tolerance for a plurality of masks, thereby 
enabling reduction of the size of a pad. This contributes to miniaturization of the 
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semiconductor device. 

Methods of fabricating the semiconductor device of this embodiment of the present 
invention may have one or more of following features. 

(A) The second insulating layer may be patterned by isotropic etching. The first 
insulating layer may be patterned by anisotropic etching. A desired tapered angle can be 
provided to each insulating layer by selecting a suitable etching method for the first and 
second insulating layers. 

(B) The first and second insulating layers may be continuously patterned with the 
same mask layer. 

According to another embodiment of the present invention, there is provided a 
method of fabricating a semiconductor device comprising the steps of: 

(a) forming a pad with a predetermined pattern on an insulating layer; 

(b) forming a protective insulating layer on the insulating layer over the pad; 

(c) forming a mask layer on the protective insulating layer, the mask layer having 
an aperture in a region corresponding to an electric connection region of the pad; and 

(d) patterning the protective insulating layer by isotropic etching with the mask 
layer as a mask to expose the electric connection region. 

The method of fabricating a semiconductor device of this embodiment of the 
present invention may possess various features of embodiments discussed above. 

A description of embodiments of the present invention in conjunction with Figures 
1-7 follows. 

Fig. 1 is a cross-sectional view showing a pad in which a bump electrode is formed 
in a semiconductor device according to an embodiment of the present invention. 

In this embodiment, a pad 2 containing, for example, aluminum and a passivation 
layer (protective insulating layer) 3 having an aperture 3 a in an electric connection region 21 
which functions as an electrode pad are formed on an interlayer insulation layer 1 . The 
semiconductor device has a conventionally known layer structure (not shown in the 
drawings) below the interlayer insulation layer 1 . This layer structure comprises, for 
example, a semiconductor substrate on which semiconductor elements such as a MOSFET 
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and a bipolar transistor are formed, with at least one pair of layers, such as an interlayer 
insulation layer having an intercalation contact layer (such as a contact layer or via contact 
layer) and an insulating layer having a wiring layer formed thereon, formed on the 
semiconductor substrate. 
5 The passivation layer 3 has a two-layer structure consisting of a silicon oxide layer 

(a first insulating layer) 31 and a silicon nitride layer (a second insulating layer) 32. The 
passivation layer 3 has a thickness sufficient to inhibit formation of cracks in the passivation 
layer 3 due to impact during a bump packaging operation and a structure to relax stress. 

In this embodiment, the silicon nitride layer 32 is preferably thicker than the silicon 

10 oxide layer 3 1 . For instance, the silicon oxide layer 3 1 has a preferred thickness of 400 nm 
to 600 nm, and the silicon nitride layer 32 has a preferred thickness of 600 nm to 1400 nm. 
Specifically, the silicon oxide layer 31 is made thin at a slow coating speed to ensure 
coverage with circuit elements having a smallest wiring rule. In contrast, the silicon nitride 
layer 32 is formed comparatively thickly to provide the passivation layer 3 with sufficient 

15 strength. Taking into account the strength and stress relaxation effect required for the 

passivation layer 3, the total thickness of the passivation layer 3 should preferably be 1200 
nm or more. 

In the present embodiment, a side surface 31a of the silicon oxide layer 31 and a 
side surface 32a of the silicon nitride layer 32, both surrounding the electric connection 

20 region 21, have a tapered configuration with an acute angle respectively to the top surface of 
the pad 2. The (tapered) angle A-l of the silicon oxide layer 3 1 (an angle formed by the top 
surface of the pad 2 and the side surface 31a of the silicon oxide layer 31) differs from the 
tapered angle A-2 for the silicon nitride layer 32 (an angle formed by the top surface of the 
pad 2 and the side surface 32a of the silicon nitride layer 32). 

25 The (tapered) angle A-l for the silicon oxide layer 3 1 is preferably from 60° to 90°, 

and more preferably from 60° to 70°. The tapered angle A-2 for the silicon nitride layer 32 
is preferably from 30° to 60°, and more preferably from 30° to 40°. 

The tapered configuration of the side surfaces 31a and 32a of the silicon oxide layer 
31 and the silicon nitride layer 32, or of at least the side surface 32a of the silicon nitride 
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layer 32, ensures excellent coverage for the barrier layer (not shown in Fig. 1) which will 
later be formed over the electric connection region 21, silicon oxide layer 31, and silicon 
nitride layer 32. 

In the present embodiment, the silicon nitride layer 32 has a side surface 32a at a 
5 tapered angle which is smaller than that of the silicon oxide layer 31, and is self-aligned with 
respect to the silicon oxide layer 3 1 . The distance Dl between the upper end of the side 
surface 31a of the silicon oxide layer 31 and the lower end of the side surface 32a of the 
silicon nitride layer 32 is preferably 0 ^im to 3 |im, and more preferably 0 )im to 1 ^im. Such 
a small distance Dl is enabled because patterning of the aperture in the silicon oxide layer 
10 31 and silicon nitride layer 32 is performed by etching with the same mask layer, as 
described later. 

Is* 

q Patterning of the silicon oxide layer 3 1 and silicon nitride layer 32 using the same 

J« mask enables lithographic operation without any alignment tolerance for a plurality of 

S- masks. Therefore, a maximum area can be secured for the electric connection region 21 and 

ry 

L 15 the pad 2 can be made narrower. 

^ Specifically, as shown in the embodiment of Fig. 2, because the configuration 

B 

C3 having a plurality of pads 2 requires a fine pitch, an area for the electric connection region 

j\= 21 should be provided along the longitudinal direction of the pad 2. Such a pad arrangement 

li m will be described by comparing the configuration of the embodiment shown in Fig. 2 and the 

Q 20 configuration considering alignment tolerance for a plurality of masks as shown in Fig. 3. 

Comparing the configuration of the present invention (Fig. 2) and the comparative 
configuration (Fig. 3), the area for the pad 2 in the electric connection region 21 in the 
present invention can be greater than in the electric connection region 521. Since no 
alignment tolerance for a plurality of masks is required when patterning the silicon oxide 
25 layer 31 and silicon nitride layer 32 with the configuration of the present invention, the pad 
2 can be narrower than the comparative configuration. 

More specifically, as the silicon oxide layer (first insulating layer) 531 and the 
silicon nitride layer (second insulating layer) 532 are patterned by using different masks, it is 
required to secure the alignment tolerance for a plurality of masks, as shown in Fig. 3. For 
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this reason, a side surface of the silicon oxide layer 531 and a side surface of the silicon 
nitride layer 532 are separated by a certain distance D2. The area for the pad 52 must be 
large corresponding to the distance D2 (usually about 10 jam). In the configuration of the 
present invention, however, the area for the pad 2 can be reduced by the alignment tolerance 
for the plurality of masks. 

Consequently, the semiconductor device ensures a fine pad arrangement which is 
useful for high integration of semiconductor integrated circuits and a decrease in size of 
semiconductor chips with high reliability. 
(Fabrication method) 

Figs. 4 to 6 are sectional views showing a method for fabricating a semiconductor 
device according to an embodiment of the present invention. 

(1) As shown in Fig. 4, a pad 2 containing aluminum, for example, is selectively 
formed on the uppermost interlayer insulation layer 1. Next, the silicon oxide layer 31 and 
silicon nitride layer 32 are formed on the interlayer insulation layer 1 to cover the pad 2. 

The silicon oxide layer 3 1 is formed to ensure the coverage for circuit elements 
possessing the smallest wiring rule using a high-density plasma CVD (Chemical Vapor 
Deposition) technique, for example. The silicon oxide layer 31 with a thickness of 400 nm 
to 600 nm is formed using a silane gas such as mono silane, oxygen, and an inert gas such as 
argon at a prescribed flow rate for a prescribed period of time. 

The silicon nitride layer 32 is formed using a plasma CVD technique, for example. 
The silicon nitride layer 32 with a thickness of 600 nm to 1400 nm is formed using a silane 
gas such as mono silane, oxygen, and an inert gas such as argon at a prescribed flow rate for 
a prescribed period of time. 

(2) Next, an aperture 4a is formed in a resist layer 4 with a thickness of 1,000 nm to 
2,000 nm formed on the silicon nitride layer 32 in the area corresponding to the electric 
connection region 21 of the pad 2 using a lithographic technology as shown in Fig. 5. 

Then, the silicon nitride layer 32 is patterned by isotropic etching using the resist 
layer 4 as a mask. Specifically, a dry etching (plasma etching) technology is used. O2 and 
CF 4 are used as gases. The operation in this etching step can be controlled so as to allow the 
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silicon oxide layer 31 to be exposed beyond the area for the aperture 4a of the resist layer 4. 
The silicon oxide layer 3 1 isotropically etched in this manner has a slanted surface (a 
tapered configuration) for the side surface 32a. Etching conditions are selected to provide 
the tapered angle of the side surface 32a for the silicon nitride layer 32 preferably from 30° 
5 to 60°, and more preferably from 30° to 40°, as mentioned above. An example of suitable 
etching conditions includes an RF power of 900 W, a chamber pressure of 300 mTorr, and a 
gas flow of 270 seem for CF4 and 35 seem for O2. 

Then, immediately following etching of the silicon nitride layer 32, anisotropic 
etching is performed using the same resist layer 4 as a mask. Specifically, a dry etching 
10 (plasma etching) technology is used. CHF3 and CF 4 are used together with an inert gas such 
as argon. Anisotropic etching conditions are selected so as to provide a (tapered) angle of 
the side surface 31a for the silicon oxide layer 31 in the range of 60° to 90°, and more 
preferably from 60° to 70°. An example of suitable etching conditions includes an RF 
power of 1300 W, a chamber pressure of 300 mTorr, and a gas flow of 30 seem for CHF 3 , 30 
15 seem for CF4, and 600 seem for argon. 

An aperture 3 a for exposing the electric connection region 21 for the bottom pad 2 
is formed by the etching step. 

Next, after removing the resist layer 2 using a plasma peeling technique, for 
example, the product is sintered at 350°C to 450°C for about 10 min. to 20 min. to complete 
20 a passivation structure for pad 2 as shown in Fig. 1 . 

In the present embodiment, the passivation layer 3 consisting of the silicon oxide 
layer 31 and silicon nitride layer 32 has sufficient strength and thickness. 

In addition, the passivation layer 3 can be formed by one lithographic step, 
specifically by using a single mask (a photo-mask). As a result, not only the number of 
25 steps for the fabrication can be reduced and the production cost reduced, but also the product 
has high reliability even if the size is reduced. 

Furthermore, although only one lithography step is performed for exposing the 
surface of the electric connection region 21 of the pad 2, different etching methods are used 
for etching different layers to avoid formation of large and steep steps in the passivation 

11 



EL 484 106 698 US 15.18/5053 

layer 3 (see process (2)). As a result, a step configuration for relaxing the step difference 
between the silicon oxide layer 31 and silicon nitride layer 32 can be formed, ensuring a 
step-less barrier layer without impairing the coverage. 

(3) Fig. 6 is a cross-sectional view showing an embodiment of bump electrode 
formation following the steps described in Fig. 5. A barrier layer 6 is formed on the pad 2 
on which the electric connection region 21 is exposed, the silicon oxide layer 31, and the 
silicon nitride layer 32. A bump electrode 7 is formed on barrier layer 6 according to a 
conventional method. 

The bump electrode 7 contains gold, for example. The barrier layer 6 is formed 
from metals having high barrier capability and easily connected with gold, such as Ti-W, Ti- 
Pd, Ti-Pt, Cr, and the like. The barrier layer 6 is patterned simultaneously with the 
formation of the bump electrode 7. 

Because the (tapered) angle A-l of the side surface 31a for the silicon oxide layer 
31 is in the range from 60° to 90° and the tapered angle A-2 of the side surface 32a for the 
silicon nitride layer 32 is in the range from 30° to 60° as mentioned above, a barrier layer 6 
with excellent coverage can be formed without steps at a high precision. The bump 
electrode 7 with high reliability is obtained in this manner. 

The silicon oxide layer 31 and silicon nitride layer 32 with a self-aligned step 
configuration can be formed by the application of the present embodiment. Therefore, a 
maximum area for the electric connection region 21 can be secured and a decrease in the 
size of pitches of the pads 2 can be ensured. This contributes to an increase in the reliability 
of small bump electrodes. 

Fig. 7 is a cross-sectional view showing the pad in which a bump electrode is 
formed in the semiconductor device according to another embodiment of the present 
invention. 

The embodiment differs from the embodiment illustrated in Fig. 1 in that the 
insulating layer for the passivation layer (protective insulating layer) 3 is a single layer. The 
same symbols are given to the parts and sections which are substantially the same as those 
shown in Fig. 1 , and detailed descriptions for these parts and sections are omitted. 



12 



EL 484 106 698 US 15.18/5053 

The passivation layer 3 is formed from one insulating layer. A silicon oxide layer 
or silicon nitride layer may be used as the insulating layer, with the silicon nitride layer 
being preferred in view of the strength and stress relaxation effect. The passivation layer 3 
has a thickness sufficient for the passivation layer 3 to inhibit formation of cracks due to 
5 impact during a bump packaging operation and to relax stress. From this viewpoint, the 
thickness of the passivation layer 2 is preferably 1000 nm or more, and more preferably 
from 1000 nm to 2000 nm. 

In the present embodiment, a side surface 3b of the passivation layer 3 surrounding 
an electric connection region 21 has a tapered configuration at an acute angle to a top 
10 surface of the pad 2. The tapered angle A-3 for the passivation layer 3 (an angle between 
the top surface of the pad 2 and the side surface 3b of the passivation layer 3) is preferably 
from 10° to 80°, and more preferably from 30° to 60°. The tapered configuration of the side 
surface 3b of the passivation layer 3 can improve the coverage for the barrier layer (not 
shown in Fig. 7) for the same reasons as described in connection with the Fig. 1 
IU- 15 embodiment. 

In the method of fabricating the semiconductor device according to this 

U embodiment, the passivation layer 3 is formed by patterning the insulating layer by means of 

f n 

[ j isotropic etching. The isotropic etching can be performed in the same manner as the etching 

~> ~ 

p of the silicon nitride layer 32 in the embodiment described above. 

C3 20 The present invention is not limited to the above-described embodiments and many 

modifications and variations are possible within the scope of the present invention. For 
instance, the bump electrode is not necessarily limited to gold, but other metals can be used 
as known in the art. Although a configuration with a pad in the uppermost layer of the 
semiconductor device was shown in the above embodiments, the present invention can be 
25 applied to the case of forming a pad on an insulation substrate or a substrate comprising a 
thin insulating layer. Furthermore, the passivation layer may have a three or more layered 
configuration. For example, a layer such as a polyimide resin layer may be provided on the 
uppermost layer. 
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